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Abstract

Zirconium oxide-molybdenum trioxide doped polypyrrole composites have been synthesized in the presence of ammonium
persulphate (oxidizing agent), with different 15, 30, 45 and 60 wt% of zirconium oxide-molybdenum trioxide (ZM) in pyr-
role, by the chemical polymerization (oxidation) process. The polypyrrole/zirconium oxide-molybdenum trioxide (PZM)
composites have exhibited crystalline nature, which has been confirmed by powder X-ray diffraction patterns. The Fourier
transform infrared graphs show that the stretching frequencies of the composites have shifted towards the lower frequency
side. The scanning electron microscopy micrographs indicate that the composites are of spherical nature and form elon-
gated chains; an increase in the particles size when compared with polypyrrole and ZM particles is also observed. Thermo
electric power and transport properties studies reveal that there is an interaction between polypyrrole and the ZM particles
and the weight percents of the ZM particles have an influence on the properties of the pure polypyrrole. Studies shown that,
the PZM composites are good materials in conductivity, dielectric properties, micro power generator, thermo cooling, as
semiconductors as well as may be in humidity, gas and thermal sensor.

1 Introduction

Developments in science and technology have revealed
fresh applications possibilities for conducting polymers and
their derivatives. Intrinsically conducting polymers [1-12],
by virtue of their light weight and greater ease of fabrica-
tion, have replaced and are proceeding to replace metals in
several areas of applications. Several conducting polymers
have already been prepared for a wide range of applications
[13], from rechargeable batteries to microwave absorption
[14-16].
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Polypyrrole [17] can be synthesized either chemically
[18] or by the electro-chemically polymerization technique.
Synthesized polypyrrole has a better electrical conductivity
[19] rendering its versatility in applications like batteries,
electronic devices, functional electrodes, electro-chromic
devices, optical switching devices, sensors [20] etc. Con-
ducting polymer based composites have become increasingly
important for technical applications such as humidity and
gas sensors [21-23] as well as thermo electric power, which
might make it an important player in the field of power gen-
eration i.e. micro power generators and coolers.

In this article, the authors have studied the thermo-elec-
trical power, dielectric electrical modulus and other trans-
port properties of the zirconium oxide-molybdenum trioxide
doped polypyrrole (PZM) composites. These were prepared
with the help of the chemical polymerization technique.

The main applications of ZrO, are Precision ball valve
balls and seats, high density ball and pebble mill grinding
media, rollers and guides for metal tube forming, thread and
wire guides, hot metal extrusion dies, deep well down-hole
valves and seats, powder compacting dies, marine pump
seals and shaft guides, oxygen sensors, high temperature
induction furnace susceptors, fuel cell membranes, electric
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furnace heaters over 2000 °C in oxidizing atmospheres, etc
[24-26].

The main applications of MoOj; are as an adhesive
between enamels and metals, as an additive to steel and
corrosion-resistant alloys, as a co-catalyst, as a component
in electrochemical devices and displays. Molybdenum tri-
oxide has also been suggested as apotential anti-microbial
agent, e.g., in polymers. In contact with water, it forms H*
ions that can kill bacteria effectively [27-30].

The d.c. conductivity of the synthesized composites were
determined to be better than some synthesized conducting
polymer based composites such as polypyrrole/ZrO, com-
posites (0.2 m S/cm) [24-26], polypyrrole/MoO5 compos-
ites (298 u S/cm) [27-30], polypyrrole/Ta,O5 composites
(260 p S/cm) [31], polyamide-66/multi-walled carbon
nanotube composites (10~> S/cm) [32], polypyrrole-pol-
ymannuronate nanocomposites (11.95 X 10~* S/cm) [33],
polypyrrole/sodium metavanadate composites (0.167 m S/
cm) [34], polypyrrole/zinc tungstate composites (0.256 m
S/cm), polypyrrole/strontium arsenate composites (0.24 m
S/cm), etc. (the last two composites were prepared in our
laboratory).

Thermo-electricity is the science and technology associ-
ated with thermo-electric converters, i.e. the generation of
electrical power [35, 36]. Thermo-electric generators have
been utilized to cater to electrical power requirements for
medical, military, space, automobile and industrial appli-
cations and are also used in portable refrigerators, water
coolers, car air conditioners, thermal energy sensors and for
stabilizing ink temperature in printers and copiers. Further,
interest in thermo-electrics has enhanced with the advent of
several semiconductor thermo elements [37].

Direct conversion of heat into electricity through
advanced thermoelectric (TE) materials is one of the most
attractive solutions to depleting conventional energy sources
and several related environmental factors faced by humanity
[38]. Energy demands have been growing due to escalating
human needs as well as concerns over depletion of the fos-
sil fuel resources and climatic changes. These have led to
a concerted effort to develop sustainable technologies for
efficient use, conversion and recovery of energy. One such
technology is the use of TE materials to directly convert heat
into electricity based on the Seebeck effect [39-45]. It is
known, that one can also apply electrical voltage to TE mate-
rials to induce cooling, through the Peltier effect. Detailed
principles of TE conversions have also been described in
books and research papers [33—-36]. This technology has
a number of distinct advantages. They are (1). TE conver-
sion is reliable and operates in silence when compared with
other energy conversion technologies, as it works without
mechanical movement, (2). TE devices are simple, compact
and safe, (3). it is an environmentally friendly, green tech-
nology, because no heat and no gaseous or chemical waste

are produced during operation and (4). it can be widely used
in places where other energy conversion technologies are
unavailable i.e. remote outer space [39, 40].

Thermo-electric properties for a material depend upon the
charge concentration. Metals are poor TE materials which
have low Seebeck coefficient, because they have a large elec-
tronic contribution to the thermal conductivity. Insulators
on the other hand have high Seebeck coefficient and a small
electronic contribution. Thus, the best TE materials are those
between metals and insulators. Hence, conducting polymers
based composites are more promising TE materials since
they possess stronger stability than conducting poymers.
We have found work on some polymer TE materials in our
literature survey [46—48].

2 Experimental details
2.1 Synthesis
2.1.1 Synthesis of the pure polypyrrole

0.06 M ammonium per sulphate (oxidative agent) [49] was
prepared using 13.69 g of ammonium persulphate weighed
(up to second decimal) by with a digital balance and trans-
ferred to a conical flask (Borosil: 250 ml). 100 ml distilled
water was measured by using a measuring jar (Borosil:
100 ml) and transferred to the same conical flask. The coni-
cal flask was shaken well several times to obtain the required
0.06 M ammonium persulphate solution. The above solution
was filled in a burette attached to a laboratory stand for use
in further processes.

A. R. grade (Spectro Chem Pvt. Ltd., Bengaluru Divi-
sion, Bengaluru, India) pyrrole purification has been done
by the distillation technique. 0.3 M [50] pyrrole monomer
i.e. 10.4 ml was measured by using a burette and transferred
into a beaker (Borosil: 1000 ml). 500 ml distilled water was
measured by using a measuring jar and transferred into the
same beaker. The beaker was well shaken to obtain a prop-
erly mixed pyrrole monomer solution. The beaker was kept
on a plastic tray and ice-flakes (obtained by a continuous
automatic ice-maker) were placed around the beaker. The
temperature was maintained between 0° and 5 °C [51]. Then
the tray was placed on a magnetic stirrer and a magnetic
bead was dropped into the beaker, which helped the solu-
tion to rotate either in the clockwise or the anticlockwise
direction, by means of a selection switch. The selected RPM
(rotation per minute) of the magnetic bead ranged from 1500
to 2200.

Ammonium persulphate solution was now added [52]
drop wise to the pyrrole solution. Chemical reaction i.e.
polymerization started and the pyrrole solution gradually

@ Springer



6566

Journal of Materials Science: Materials in Electronics (2018) 29:6564-6578

turned black, due to the polymerization. This process was
continued for 5 h [53] until a precipitate formed.

A filter paper was appropriately cut to snugly fit into the
Buckner funnel. The polypyrrole precipitate solution was
slowly poured into the Buckner funnel, which was kept
in a side neck conical flask. Water was absorbed from the
precipitate by using a vacuum pump. The precipitate thus
obtained was transferred to a petri dish and kept in a hot air
oven which was maintained at a maximum temperature of
100 °C. The precipitate was dried for approximately 8—10 h
and later ground using an agate mortar. The ground powder
was poured into a crucible and kept in the muffle furnace
to complete the drying process. The dehumidification of
the black polypyrrole precipitate was continued for about
4-6 h in the muffle furnace at a maximum temperature of
100 °C. The completely dried black polypyrrole powder was
then removed from the muffle furnace and ground into a
finer powder. The weight of the black polypyrrole powder
thus obtained was 3.17 g. It was labeled as sample 1 of the
polypyrrole [54-57].

Similarly, the above procedure was employed to get the
black polypyrrole powder which was labeled as sample 2
which weighed 3.23 g. Average weight of both samples of
the pure polypyrrole powders was taken as the weight of
the synthesized polypyrrole sample which was 3.20 g. This
was done for experimental optimization of the polypyrrole.

2.1.2 Synthesis of the polypyrrole/zirconium
oxide-molybdenum trioxide (PZM) composites

0.48 g (15 wt%) of zirconium oxide-molybdenum trioxide
(ZM) (zirconium oxide and molybdenum trioxide, Sisco
Research Lab Ltd., Bengaluru Division, Bengaluru, India)
was added to the 0.3 M pyrrole solution and mixed thor-
oughly. Further, 0.06 M APS was continuously added drop-
wise, with the help of a burette, to the above solution, to get
a zirconium oxide-molybdenum trioxide doped polypyrrole
(PZM) 15% nano composite [55]. Similarly, for 30, 45 and
60 wt%, 0.96, 1.44 and 1.92 g of PZM powder was taken
and the above procedure repeated to get the nanocomposites.
The yields of the nanocomposites were 4.33, 4.68, 4.98 and
7.05 g respectively.

The real content of zirconium oxide-molybdenum triox-
ide (ZM) in PPy matrix was determined as follows:

Sample (10 wt%) = (yield of the sample X 10)/100= ... g
For example: MoO; (10 wt%) = (3.2x10)/100=0.32 g

Zr0, (15 wt%) = (3.2x 15)/100=0.48 + MoO; (15 wt%) =
(3.2x15)/100=0.48

710, (7.5 wt%) = (3.2%15)/100=0.24 + MoO; (7.5 wt%) =
(3.2x15)/100=0.24

Zr0,-MoO; (15 wt%) = (3.2%x 15)/100=0.24+0.24=0.48 g
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Zr0, (30 wt%) = (3.2x30)/100=0.96 + MoO; (30 wt%) =
(3.2x30)/100=0.96

ZrO2 (15 wt%) = (3.2x 15)/100=0.48 + MoO3 (15 wt%) =
(3.2x15)/100=0.48

Zr0,~MoOj; (30 wt%) = (3.2x 15)/100=0.48 +0.48 =0.96 g

Zr0, (45 wt%) = (3.2x45)/100= 1.44 + MoO, (45 wi%) =
(3.2x45)/100=1.44

710, (22.5 wt%) = (3.2%x22.5)/100=0.72+MoOj; (22.5 wt%) =
(3.2x22.5)/100=0.72

Zr0,-MoO; (45 wi%) = (3.2x45)/100=0.72+0.72=1.44 g

ZrO, (60 wt%) = (3.2x 60)/100=1.92 +MoO; (60 wt%) =
(3.2x60)/100=1.92

Zr0, (30 wt%) = (3.2 30)/100=0.96 + MoO; (30 wt%) =
(3.2x30)/100=0.96

Zr0,-MoO; (60 wt%) = (3.2%x60)/100=0.96+0.96=1.92 g

The pure polypyrrole and PZM nano composites pow-
der were compressed into pellets of 1-3 mm thickness
and 1 cm diameter by applying 10—12 tons pressure, using
a hydraulic press (Shimazdu, Tokyo, Japan) [22]. Silver
paste was applied to both sides of the pellets, of the syn-
thesized composites, for the d.c. conductivity and thermo
e. m. f. measurements. d.c. conductivity (SES Instru-
ments Private Limited, Bengaluru Division, Bengaluru,
India) for the synthesized composites was measured in
the temperature range from 200 to 50 °C [27-30] with
suitable constant voltages (1.2 and 2 V). The tempera-
tures of cold and hot junctions and corresponding thermo
e. m. f. were measured at different temperatures in the
temperature range from 323 to 473 K with the help of
a thermo-electric power device (SES Instruments Pvt.
Ltd., Bengaluru, India). The 6500B series of Precision
Impedance Analyzers (Wayne Kerr Electronics Pvt. Ltd.,
Bengaluru Division, Bengaluru, India) was used for the
measurement of the a.c. conductivity, dielectric relative
permittivity, dielectric loss and tangent loss parameters,
in the frequency range from 20 Hz to 1 MHz, at room
temperature for the composites.

2.2 Characterization

The FTIR spectra of polypyrrole, PZM composites and
ZM have been recorded on a FTIR (Perkin Elmer, Bengal-
uru Division, Bengaluru, India) spectrometer, in a medium
of potassium bromide, at room temperature. The XRD pat-
terns of the samples was recorded on a X-ray Diffractom-
eter (Bruker AXS D8 Advance, Bengaluru Division, Ben-
galuru, India), using Cu Ka radiation (A=1.5418 A), in
the 20 range of 5°-90°. SEM micrographs were obtained
using a Scanning Electron Microscope (Jeol 6390 LV,
Bengaluru Division, Bengaluru, India).
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3 Results and discussion
3.1 SEM analysis

Figure 1a—d are the SEM micrographs of the pure polypyr-
role, PZM (15 and 45%) composites and ZM respectively.
It is clearly seen from the SEM micrograph of polypyrrole,
that it has clusters of spherical shaped particles as well as
elongated chain patterns of the polypyrrole particles. The
granular morphology of the polypyrrole particle structures
was measured. The SEM micrographs of the composites
are indicative of a spherical nature of polymer occurring as
clusters in the composites. The ZM particles are embedded
in the PPy chain, presumably because of weak inter-particle
interactions. The SEM micrograph of ZM shows that the ZM
particles exhibit crystalline structures [33, 56—63]. Different
sample particle sizes are visible in the figures. The particle
sizes of the composites have increased when compared with
polypyrrole and ZM particles.

20kv  X10,000 1um 0001 1052 SEI

3.2 FTIR analysis

The FTIR spectra of ZM, PZM composites and pure PPy
are shown in Fig. 2. When PZM composites were compared
with polypyrrole and ZM, the stretching frequencies were
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found to have shifted towards the lower frequency side. It
may be attributed to the existence of N-H bending defor-
mation, C=N stretching, C—H bending deformation and
C-N stretching frequencies. This indicates that there was a
homogeneous distribution of ZM particles in the chains of
polymer, due to the Van der Walls interaction between the
ZM particles and chains of polymer [63-76].
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3.3 XRD analysis

Figure 3a represents the X-ray diffraction pattern of the pure
PPy, which has a broad peak at about 20=25°, which is a
characteristic peak of amorphous polypyrrole. The XRD pat-
terns (Fig. 3b—e) of the PZM composites suggest that they
exhibit a high degree of crystallinity. Figure 3f represents
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the XRD pattern of ZM also revealing the crystalline nature
[77-83].

Mixture of amorphous polypyrrole and crystalline ZM
yields the PZM composites with high degree of crystallinity.

3.4 d.c. conductivity study

The current remains constant till a temperature of 150 °C
and then increases exponentially till 200 °C (Fig. 4a). The
d.c. conductivity also displays a similar behavior (Fig. 4b).
The conductivity values recorded for the composites at
200 °C are 7.56, 7.63, 7.32 and 5.61 (m S/cm) respectively.
The nanocomposites (except 60 wt%) have approximately

a
100 | PZM 15%
PZM 30%
PZM 45% 2V
804 | PZM 60%

equal conductivity. The nano-composite (30 wt%) has the
highest conductivity, due to the extended chain length
of the pure polypyrrole, which facilitates the hopping of
charge carriers and may also be promoting a larger number
of charge carriers to hop between favorable localized sites.
The decrease in the conductivity for the PZM (60 wt%)
nanocomposite may be due to the extended chain length
of polypyrrole, which now doesn’t facilitate the hopping of
charge carriers when the concentration of ZM is high and
may additionally be attributed to the trapping of charge
carriers. Charge trapping in polypyrrole and its composites
is an universal feature [27-31].
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Fig.4 a Current vs. temperature for the PZM composites. b d.c. conductivity versus temperature for PZM nanocomposites. ¢ d.c. conductivity
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Conductivity increases (Fig. 4c) for all the composites
at 200 °C. The conductivity is maximum at 30 wt% of ZM
in the pure polypyrrole, whereas it decreases for the other
composites. This weight percent is the percolation threshold
for these composites. Hence, the composites obey percola-
tion theory [27-31].

3.5 Thermo-electric power study

Theory: thermo-electric (TE) technology possesses several
merits and has been known for more than one century.The
conversion efficiency strongly depends on the figure of merit
(ZT) of the TE material [44], as given by Eq. (1),

n=n[V1+VZT 1]/ [(y1+ VZT) + (T/Ty)] (1)

where 1 is the conversion efficiency of heat to electricity,
T, and T, are the temperatures of cold and hot sides of a TE
generator respectively, 1, represents the Carnot efficiency
and can be expressed asn, = 1 — T, /T;.

Figure of merit (ZT) [44], is given by Eq. (2),

ZT = S%6, . T/x )
where S is the Seebeck coefficient, o, . is the d.c. electrical
conductivity, k is the thermal conductivity, T is absolute
temperature and S* 6, . is the thermo power factor.

A temperature gradient between the two ends of a sample
gives rise to an e. m. f. known as thermo e. m. f. (V) or
See-beck voltage. If a sample is maintained at two different
temperatures, a See-beck voltage can manifest due to the
fact that the majority carriers diffuse from a surface having
high temperature (T,) to a surface with relatively lower tem-
perature (T)). It has also been observed that, the generated
thermo e. m. f. is proportional to the temperature difference
(AT=T,-T),) between two surfaces of the sample and given
by the relation,

S=V,/(T,-T,) = V,/AT

where S is thermo-electric power.

Thermo-electric power is of great interest in understand-
ing the transport properties, due to its extreme sensitivity
to the change of electronic structure, at the Fermi energy.
As the lattice thermal conductivity dominates over the elec-
tronic contribution for most materials used for room tem-
perature applications, the single electronic parameter that
describes the efficiency of a thermoelectric cooler or a power
generator is the thermoelectric power factor. In conventional
metals or semiconductors, increasing the electrical conduc-
tivity decreases the Seebeck coefficient, which is mainly due
to the three dimensional nature of the electronic density of
states [84].

Experimental Procedure: The experimental device to
determine the thermo e. m. f. of the composites consists
of a point contact probe which acts as a hot junction and a

@ Springer

base which acts as a cold junction. A sample is kept between
the two junctions. Pellets of 1 cm diameter and 1-3 mm
thickness have been used in the present study. The hot and
cold probes were connected to a digital milli-voltmeter for
the measurement of thermo e. m. f. The temperature of the
hot junction is raised by using a dimmerstat till it attains a
temperature of 200 °C. The hot junction temperature was
then decreased from 200 to 50 °C in steps of 10 °C and the
temperatures of the cold and hot junctions as well as the
thermo e. m. f. recorded [84].

It was observed that the Seebeck coefficient increased
and then decreased (Fig. 5b) as the hot junction temperature
increased, for the PZM composites. This is an indication
of semiconductor behavior. Seebeck coefficient increased
linearly (Fig. 5b) for the 15% weight nano-composite, which
demonstrates semi-metallic behavior. This can be attributed
to the mobile charge carriers arising due to the distribution
of the ZM particles in the pure polypyrrole [84]. The nano-
composites have different Seebeck coefficients (Fig. 5b), for
different weight percent of ZM in polypyrrole, at different
temperature values. Each nanocomposite has a high Seebeck
coefficient for a particular weight percent. The nanocompos-
ites therefore obey the percolation theory [84]. The thermo
power factor is directly proportional (Fig. 5¢) to the d.c.
conductivity for the PZM (45%) composites but is almost
constant for the rest of the nanocomposites.

The thermo power factor decreases (Fig. 5d) at lower
inverse hot junction temperatures and remains constant
(Fig. 5d) at all other temperature ranges for the PZM
composites.

3.6 a.c. conductivity study

The conductance (G) measured from 20 Hz to 1 MHz was
used to calculate a.c. conductivity (o, ..), using the follow-
ing expression:

Gye. = G X (d/A)
where d is the thickness, A =nr? is the cross-sectional area
and r is the radius of the sample pellet.

A common property for almost all the intrinsic conduct-
ing polymers such as polyaniline, polypyrrole, etc. is an
extended localization in their polymer backbone. In polypyr-
role, a one-dimensional chain of identical monomer units
has =& electrons but upon polymerization the spatial extent
of these electrons is influenced by significant overlap. The
electrons become delocalized over the length of the polymer
chain in the form of bands and the distortion of the polymer
chain around the injected charge carriers leads to formation
of polarons and thereby leads to conductivity [85].

The a.c. conductivity increases with increase of fre-
quency at the chosen temperature, for the composites. This
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Fig.5 a Thermo-electric power as a function of hot junction tempera-
ture for the PZM composites. b Seebeck coefficient as a function of
weight percent of PZM in polypyrrole. ¢ Thermo power factor as a

phenomenon is a common respond for intrinsically con-
ducting polymer based composites [86].

It was observed from Fig. 6a, that the a.c. conductivity
increases [49] at higher frequency range and is constant at
the lower frequency range, for all the composites. It was
also seen that the value of conductivity (0.0385 S cm™h)
increases for the PZM (30 wt%) composites. This may
be due to the extended chain length of polypyrrole which
facilitates the hopping of charge carriers when the content
of ZM is increased [85] and may also be due to the varia-
tion in the distribution of the ZM particles which supports
an increased number of charge carriers to hop between
favorable localized sites.

function of d.c. conductivity for nanocomposites. d Thermo power
factor as a function of inverse hot junction temperature for the PZM
composites

The conductivity increases for 30 wt% of ZM (Fig. 6b) in
the pure PPy and decreases thereafter. This weight percent is
the percolation threshold [87] for these PPy based compos-
ites. The composites obey the percolation theory. Further-
more, a decrease in the conductivity can be observed for the
other composites and this can be ascribed to the distribution
of ZM particles of larger grain sizes, which are partially
responsible for blocking the hopping of charge carriers.

3.7 Dielectric properties studies

Dispersant/matrix interactions and the physical properties
of the matrix influence the agglomeration of the dispersant
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phase, which in turn, affects the dielectric properties of
the composites. In case of the conducting polymers, the
degree of cross-linking [88] between the polymeric chains
affects the transport properties in the composites. The con-
centration of PZM was varied in order to investigate the
influence of dopant compositions on the dielectric con-
stant, dielectric loss and tangent loss of polypyrrole based
composites.

The dielectric parameter as a function of frequency is
described by the complex permittivity in the form:

e =g —¢'
where the real part ¢’ and imaginary part €¢” are the compo-
nents for the dielectric relative permittivity and dielectric
loss respectively.

The capacitance (C) was used to calculate the dielectric
constant (¢') using the following expression:

g =Cx(d/A)
where d is thickness and A =nr’(r =radius) is surface area
of the nano-composite.

The measured conductance (G) was used to calculate the
dielectric loss (¢") using the following expression:

e’ =G x (d/gy0A)

where angular frequency o =2xf (f=frequency) and ¢,=
permittivity in free space.

The tangent loss (Tan &) can be calculated using the fol-
lowing expression:

Tan & =¢"" /¢

The dielectric constant (Fig. 7a) decreases with increas-
ing frequency. This may be attributed to the tendency of
dipoles in the PZM composites to orient themselves in the
direction of the applied electric field. However, at the high
frequency range, the value remained a constant with respect
to frequency. This trend was observed for all the graphs and
it could be explained by the fact that higher frequencies
might hinder the rotation of the dipoles thereby making it
difficult for them to reorient On the other hand, the high
value of ¢’ at low frequency might be due to the electrode
and interfacial effects of the composites [§9-103].

The dielectric constant increases for 30 wt% of ZM
(Fig. 7b) in the pure PPy and decreases thereafter. This
weight percent is the percolation threshold [89] for these
PPy based composites. The composites obey percolation
theory.

It is clear from Fig. 7c that, the dielectric loss (¢")
decreases with increasing frequency. The larger value of
dielectric loss at low frequency could be due to the mobile
charges, within the polymer backbone. On the other hand,
the mobile charges (polarons) that belong to the pure PPy
could be held accountable for the lower value of £” at high
frequency [89-104].

The dielectric loss increases for 60 wt% of ZM (Fig. 7d)
in the pure PPy and decreases thereafter. This weight per-
cent is the percolation threshold [89] for these PPy based
composites. The composites obey percolation theory.

The tan delta increases for 60 wt% of ZM (Fig. 7e) in
the pure PPy and decreases thereafter. This weight per-
cent is the percolation threshold [89] for these PPy based
composites.

60 wt% of ZM (Fig. 7f) in the pure PPy has highest Tan
delta and decreases from this point. This weight percent
is the percolation threshold [70] for these PPy based com-
posites. The composites obey percolation theory.

3.8 Dielectric electrical modulus

Dielectric constant and dielectric loss have high values at
lower frequency range. ¢’ and ¢” deceased to nearly zero as
frequency increased to higher range indicating the existence
of a dielectric relaxation. This behavior may be attributed to
an interfacial polarization called as Maxwell-Wanger—Sil-
lars Effect. In order to get further information about the die-
lectric relaxation of the composites, ¢* has been transformed
to electrical modulus M* as follows:

1 1

M* = — =

gty il
e* g — je!’ =M +M

/ "

where ' = ———and M" =

€ € ’ "
S = (8,)2+(8”)2,M and M" are real

and imaginary parts of electrical modulus respectively [21,
49, 85, 86].

The real part of dielectric electrical modulus showed
constant at lower frequency range and an increasing trend
at higher frequency range (Fig. 8a) with the increase in fre-
quency. M’ is frequency independent at lower frequency
range showing that the electrode (dipole) polarization
makes a negligible contribution and M’ is strongly frequency
dependent showing very good orientation at high frequency
range in the real part of electric modulus. The step-wise
transition of M’ at high frequency range is observed for the
composites. On the frequency range of this transition, the
values of M” exhibit a peak, at a characteristic relaxation fre-
quency f,,., which indicates a relaxation process. Figure 8b
has shown that, the maximum of the relaxation peaks in M"
increases for PZM (45%) composite as the PZM content
increases and peak is decreased for other composites [35].

Figure 8c revealed that the variation of M” with respect to
M'. It was observed from the figure that, all the PZM com-
posites had obtained semicircular curves. As the content of
PZM changes in polypyrrole, the area of the curves increases
for the PPy/PZM (45%) composite since it has low conduc-
tivity and the area of the curves decreases for the PPy/PZM
(30%) composite since it has high conductivity [35].
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3.9 Dielectric electrical impedance

Real and imaginary parts of electrical impedances were
measured using following equations:

7 = 3.14Z cos ¢
180

and

7 = 3.14Zsin¢
B 180

where ¢ is phase angle and Z is impedance [49, 85, 86].
Figure 9 showed that dielectric electrical impedance
decreases as frequency increases and stood constant at
very higher frequency range. The polypyrrole/PZM (15%)
composite has shown high value of electrical impedance.

4 Conclusion

The composites were synthesized and rigorous efforts
were made to improve their transport properties. The
FTIR, SEM and XRD analyses were done for the samples.
The thermo electric power and transport properties stud-
ies help us conclude that there is an interaction between
polypyrrole & ZM particles and that the weight percent
of ZM particles also have a considerable influence on the
pure polypyrrole. The composites, in general have better
thermo electric factor and transport properties. Hence, the
composites may be used in micro power generator and
thermo cooler. The composites also might found applica-
tions in sensors i.e. gas, thermal and humidity sensors.
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